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as low rainfall and climat changes. This work focuses on rainfall forecasting in the Oum Er
Rbia basin in Morocco at the level of the Rhamna area, to optimize the yield of six durum
wheat tested varieties. The pluviometry data for the years 1994/2020 have been collected
at the Bouchane agro-meteorological station in Rhamna province and compared to data
from three other stations: El Massira stations, Bengrir stations and Zmemra stations too. In
order to determine similarities between years and an eventuel correlation between months
to the principal component analysis (PCA) was applied. The first results show that the
PCA has been able to classify the years and determine the correlations. To predict the mean
annual precipitation (MAP), partial squares regression (PLS) was applied. This regression
has allowed to confirm the similarities between years (1994/2020) as well as the
correlations between months as determined by the PCA. The statistical parameters of the

model in terms of the R? determination coefficient and the RMCE error are relatively
satisfactory that the PLS model has been validated.
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1. Introduction

Morocco is a North-African country where the vulnerability of the populations to extreme
hydrological events is high (Douglas & al. 2008, Di Baldassarre & al. 2010) However, semi-arid and
Mediterranean areas are expected to be particularly vulnerable to climate change (Oueldkaddour & al.
2021). This could lead to an increased probability of occurrence of events inducing both floods and
droughts (Gao & al., 2006). According to the latest models, for 2050, global warming in progress,
would in all likelihood lead to an increase in temperature between 2.3°C and 2.9°C and a decrease in
rainfall between 13 and 30% (Ait Houssa & al., 2016). This change intensifies the water cycle and
brings more intense rainfall, with accompanying flooding and more intense droughts in many areas.

Ram Allah Nassoh et al., J. Mater. Environ. Sci., 2023, 7, pp. 785-795 785



According to the press release of the 6th IPCC report, the climate change will increase in all areas in
the forthcoming decades. This climatic effect modifies the distribution of rainfall and it is likely that
this rainfall will increase at high latitudes, while a decrease is projected in a large part of the
subtropics areas (Trenberth & al., 2011).

The first rainfall map of Morocco was elaborated by the German geographer Theobald Fischer early
1900 (Horden & al., 2006) It contains some errors due to lack of meteorological observations and to
meager technical resources at that time. Many rainfall maps have been developed since then, with
varied degree of accuracy (Richardson & al., 1917). All these maps reveal high spatial heterogeneity
of total annual rainfall in Morocco like in Figure 1, varying from 13 mm in the Sahara to above 1000
mm at Tangier. This heterogeneity had already been illustrated by the first global work on rainfall in
Morocco done by Augustin Bernard (1921) (Balaghi & al., 2013). The distribution of average annual
rainfall received more attention of researchers to see its impact on the climate and agriculture as well
as on the economic growth (Ejjiar & Arib, 2023; hakkou & al., 2023; Mohamed & al., 2019;
Aabdousse & al., 2021)
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Figure 1. Cumulative average rainfall over Morocco between September and April (Hijmans & al., 2005)

Otherwise, the rainfall distribution in Morocco did change during the (1961-2008) period. This
change, consisting of a shift to drier conditions has coincided with an increase in the average
temperature in all seasons (Driouech & al., 2010). The area of study is part of this change, where
rainfall is known to vary from year to year, thus affecting the yield of cereals that account for 92% of
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the area under diffuse crops (PDA, 2018; Zoukeni & al., 2023). In this context, the present work is
based on a statistical study of the rainfall data of the agro-meteorological Bouchane station, using the

Principal Component Analysis PCA to predict rainfall and month/year relationships within and
between years.

2. Data and Methods

The proposed method consists in processing and analyzing the annual rainfall data of the agro-
meteorological stations; Bouchane, El Massira, Bengrir in the study area at Rhamna province and
Zmemra station, using the data of Bouchane station, the closest to the test area that presents an
interesting time period, for PCA, CAH and PLS, in order to correlate the results with the predictions.

3. Results and Discussion
3.1. Studying the annual precipitation trend

The Figure 2 shows that the annual rainfall in the province of Rhamna and the area of Zmemra
are very variable and irregular from one year to another. The interannual average is about 185.2 mm
for El Massira dam, 206.7 mm for Bouchane, 147.25 mm for Bengurir and 292.3 mm for the Zmemra
station. The observed values of each station show a variability of rainfall has the quantitative scale,
thus, a remarkable downward trend of the annual height of precipitation with time for the four stations
(ORRBA, 1993/2020 & 1984/2020, OADD, 2006/2020, ROAC, 2012/2020).
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Figure 2. Annual precipitation trends at the four stations.

Also, the number of days of precipitation tends to decrease over time in Figure 3. In fact, this figure
present Trend in number of days with rainfall greater than or equal to 1 mm.
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Figure 3. Trend in the number of rainy days at the three stations.

3.2. Classification and prediction of rainfall data
Statistical parameters in Table 1 shows that the averages of the months in terms of rainfall are

not close, hence the need for the centering step of the rainfall data in the initial table. Also, the
standard deviations are not close, and that necessitates a reduction of the rainfall data in the initial
table before the PCA is performed. Survey literature pointed out that the trend toward allowing direct
delivery of objective guidance to users is a significant new development in the operational
hydrologic forecasting community, and it could facilitate the increased transfer of research (i.e., new
objective methods) into practice at operational agencies (Pagano & al., 2009; Canchala-Nastar & al.,
2019 ; Jolliffe & Cadima & al., 2016). The information about the years of rainfall from the initial
table of raw data is preserved only at 36.37% in two dimensions of the PCA in Figure 4.
Otherwise, the 3D factorial map in Figure 5 has been able to illustrate the variables with a
significant percentage of conservation that reached 68%.
However, at the level of the two dimensions PCA, it seems that they are three classes defined as
follows:

e The first class contains relatively more similar years such as 2000, 2005, 2007, 2012, 2019 and

others.
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e The second class, possibly confused with the third, contains relatively more similar years such
as: 1996, 1997, 2010, 2011, 2016 and others.

Table 1. statistical parameters for monthly rainfall in the (1994/2020) years

Month Minimum Maximum Average Standard deviation
September 0.000 97.500 7.874 20.365
October 0.000 88.400 21.963 22.526
November 0.000 187.500 41.211 40.154
December 0.000 148.500 33.252 32.347
January 0.000 102.900 28.389 25.620
February 0.000 93.300 26.133 24.823
March 0.000 83.400 26.548 19.834
April 0.000 61.900 17.463 20.240
May 0.000 54.400 9.374 14.514
June 0.000 17.500 1.533 3.826
July 0.000 2.000 0.081 0.385
August 0.000 6.300 0.374 1.286
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Figure 4. 2D factorial map of rainy years (1994/2020)

The presentation of the 3D maps shows perfectly the above-mentioned classification but this time with
precision of one can notice the grouping of the rainy years such as 1996, 1997, 2009, 2010 and 2018
that does not appear in 2D, and that we know by a record yield of durum wheat. While the class of
years with low rainfall appears the same with the year 1995. Fact a result did not appear with the
group. In fact, it was known as the driest year. Apart from December, the eleven months seen to fall
into four classes such as Figure 6:

- February, June, July and August

- January, March and May

- September and October

- November and April
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In fact, there is a more or less strong positive correlation between the months within each group, with
this trend disappearing as we move from one group to the next. Looking for the years that best
increased the similarity between the months within each group, one can observe that years such as
2009, 2010, 2014 and 2016 have been so for the February, June, July and August group.

Scores

Scores
PC-3 (14%)

C-2 (25%)
PC-3 (14%

PC

w0
-

PC-2 (259,

3D factorial map of rainy years (1994/2020)

Variables (axes F1 et F2 : 36,37 %)

-1 -0,75 -0,5 -0,25 0 0,25 0,5
F1 (20,13 %)

0,75 1

| e Variables actives |

Figure 6. Correlation plot (loading) of rainfall months (1994/2020)

Years such as 1996 and 2018 have been so for the group of January, March and May, while the 1994,
2005 years have served for the group of September and October and the years such as 2002 and 2015
and for the group of November and April. This result concerning the obtained correlations between
months and years and with the one noted by (Balaghi & al., 2013), where cereal growth (from lifting
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to the tillering) extends from September until March in this geographic area. However, these two
campaigns have known a record yield of grain that exceeds 103 million quintals for 2018 (Ministry of
Agriculture, Maritime Fishing, Rural Development and Water and Forests, 2017/2018). On the other
hand, the lack of rainfall in September, October, November and April correlates positively with dry
years such as 1995, 2019 or cereal yields no longer exceed 32 million quintals for 2019 (Ministry of
Agriculture, Maritime Fishing, Rural Development and Water and Forests, 2019), and correlates
negatively with rainy years such as 1996, 2018 in Figure 7. Although the PCA showed two to three
classes of years (Figure 4), the analysis of the classification results of the years confirmed that these
classification results corroborate those of the PCA according to the following AHC dendrogram in
Figure 8:
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Figure 8. Hierarchical Ascending Classification (HAC) dendrogram of annual rainfall years from 1994 to 2020
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The correlation matrix between the different pairs of months and pairs (month, MAP) is given in table
2. It is observed that the month of March correlates best with MAP (0.663) followed by December and
January. This explains that overall, the study period (1994-2020) it is the month of March that
recorded more rainfall in Table 2.

Table 2. correlations between different months and months/MAP

S O N D Ja F Mar Ap May Ju Jul Au PAM

1.000 0.093 -0.027 -0.231 -0.178 -0.132 -0.015 0.018 -0.059 0.056 -0.028 0.255 0.071

S
0] 0.093 1.000 0.017 -0.338 -0.286 0.311 -0.188 -0.032 -0.094 0.055 -0.200 -0.146 0.109
N -0.027 0.017 1.000 -0.024 -0.120 -0.154 0.120 -0.131 -0.109 -0.019 -0.200 -0.267 0.369
D -0.231 -0.338 -0.024 1.000 0.423 -0.039 0.327 0.260 0.059 -0.120 0.078 -0.169  0.504
Ja -0.178 -0.286 -0.120 0.423 1.000 0.307 0.312 -0.071 0.185 0362 0.252 -0.097 0.503
F -0.132 0311 -0.154 -0.039 0.307 1.000 0.174 -0.226 0.048 0.159 0504 0.217 0.372
Mar -0.015 -0.188 0.120 0.327 0312 0.174 1.000 0.161 0.663 0.134 0.002 0.241 0.699
Ap 0018 -0.032 -0.131 0260 -0.071 -0.226 0.161 1.000 -0.026 -0.073 -0.172 -0.227 0.219
May -0.059 -0.094 -0.109 0.059 0.185 0.048 0.663 -0.026 1.000 0.061 -0.125 0.273 0.344
Ju 0.056 0.055 -0.019 -0.120 0.362 0.159 0.134 -0.073 0.061 1.000 0.155 -0.071 0.208
Jul  -0.028 -0.200 -0.200 0.078 0.252 0.504 0.002 -0.172 -0.125 0.155 1.000 0.278 0.054
Au 0255 -0.146 -0.267 -0.169 -0.097 0.217 0.241 -0.227 0.273 -0.071 0.278 1.000 -0.076

PAM 0.071 0.109 0.369 0.504 0.503 0372 0.699 0.219 0344 0208 0.054 -0.076 1.000

The months considered to have been the most important for MAP prediction (VIP > 0.8) are the
following in order of importance in Figure 9: March, December, January, February, November and
May.

VIP (1 Comp / Int. de conf. 95%)

VIP

Variable

Figure 9. importance of hierarchical predictor variables (HPV)

The equation for the MAP prediction model using PLS regression is as follows:

MAP =528 + 1,28E-02*S + 1,78E-02*0O + 3,40E-02*N + 5,76E-02*D + 7,26E-02*Ja + 5,55E-02*F
+ 0,13*Mar + 4,00E-02*Ap + 8,75E-02*May + 0,20*Ju + 0,52*Jul -0,22*Au.
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The Q*cum term being greater than 0.5 in Figure 10, we consider that the prediction model is of
acceptable quality. Also, the statistical parameters of the model validated by cross-validation show
that the model is moderately robust since the R?>= 0,823(The correlation coefficients (R>cum) and the
cross-validation) is not very close to 1 and the error (RMCE = 2,796) is not close to 0.

Qualité du modeéle par nombre de
composantes

Indice

Compl
Composantes

B Q?cum MR cum R2X cum

Figure 10. Quality of the prediction model

3. Conclusions

Data analysis methods such as descriptive statistics, PCA and AHC presented representations that
facilitated both the understanding of similarities between rainfall years and correlations between
months of the year. The PLS regression model for MAP prediction was found to be of acceptable
quality and moderately robust. The PLS method would be a fast and robust tool capable of predicting
MAP for all the years studied (1994/2020), where it was found that the recording of precipitation in
the months of January, March and May leads to a fairly interesting campaign in terms of yield, even if
they are absent in the periods of September, October, November and April. These results obtained
showed that the loss of yields of durum wheat in our study area (south unfavorable Bour) is due not
only to the irregularity of rainfall inter annual but also intra annual where the model studied to show
that the period of study of rainfall (1994/2020) recorded more rainfall during the month of March,
contrary to the needs of the varieties tested and wheat in general. Because this time of year for wheat
is the end of the tillering phase and the beginning of the elongation phase, but it is still in the lifting
stage. Therefore, it is concluded that the trends of climatic conditions will no longer be favorable for
obtaining good yields of cereals with the exception of some special campaign resembling those
recorded in 1996, 2010 and 2018. However, although our agriculture is climate-dependent, it is
extremely important to think about alternative crops adaptable to climate change in the study area and
other vulnerable areas in Morocco (unfavorable Bour), like most countries in the world, to the
negative impacts of these changes, in particular, the disruption of the water cycle and increased
temperatures.
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